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ABSTRACT

Within the HDR Safety Program experiments were performed concerning demoli-
tion of concrete structures and pipes by explosive charges. Main objective was
beside demonstrating the safe handling of 15 kg explosive inside the plant, to
create basic data about the local and global impact on neighboring structures
and a near by situated second NPP.

The precalculability of the local structure reaction as well as that of the
global plant was checked. .

Especially calculation related to the prediction of HDR experiment T53.2.1
with concrete plates 2 x 2 m fixed to the HDR rotunda were carried out.

In the first step of the calculations the effect on the bore hole wall by
the detonating explosive and as second step the local concrete behavior around
the bore hole were investigated. The measured pressure-time history in and
around the bore hole is compared with the calculated values.

The calculated values seem to be near reality (as far as measurements are
available), concerning pressure rise curve within the bore hole and the peak
pressure. The following analysis of the blow off contours was performed with
two variations of the material strength of the concrete plates.

INTRODUCTION

Within the framework of the HDR dismantling test program 1 , a number of
concrete specimens were "blast peeled" using different controlled fragmenta-
tion techniques initiated by detonation in shotholes. Explosive charges of
equal mass were placed at the bottom of an array of bore holes. Most of the
specimens were reinforced-concrete slabs measuring 2.0 x 2.0 m with a
thickness of 70 cm. The concrete properties and the reinforcement ratio are
the same as those used for the biological shields of the first nuclear plants
scheduled to be decommissioned. In view of the time and cost required to find
an optimum explosive charge for each spatial configuration, initial
considerations were made regarding the feasibility of employing computational
methods. Consequently an analysis of fragmentation by explosives was included
in the test program for planar configuration.
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From the test slab shown in Figure /1/ a layer was to be removed by a si-
multaneous explosion in 16 shotholes which were drilled from the front surface
at equidistant positions. 22.5 and 45 g of PEIN explosive were used for each
shothole, respectively, The latter amount of explosive had been found experi-
mentally to give the best dismantling results. The arrangement of the explo-
sive and of the high-strength plugging material is shown in the same figure.
Determination of the pressure in the shotholes and its stripping effects on
the concrete were of major interest and therefore analyzed both experimentally
and by computation.

DETONATION PROCESS

Considering an isolated shothole, there are basically three material zones
to be addressed: the explosive, the air gap and the boundaries consisting of
concrete or filling material at the top of the charge. Assuming that the boun-
daries are rigid until the shock front has been established, the peak pressure
on the concrete can be evaluated using the hydrodynamic equation of state for
the explosive and the ideal gas equation of state for air.

Because of the axisymmetric arrangement of the explosive within the cylin-
drical hole, the solution can be reduced to a one-dimensional analysis. In
each horizontal layer the overdriven detonation starts at the centerline and
proceeds to its boundary.

The Jones-Wilkins-Lee (JWL) equation of state was used to describe the
pressure-volume-energy behavior of the explosive /2/.

The analysis was performed using the computer code HEMP /3/, a two-dimen-
sional finite difference program for elastoplastic and hydrodynamic analysis
of structures under transient and impulse loading.

In Figure 2 the computed and measured pressures are compared for a 22.5 g
charge of PETN. Both curves have a steep peak (108 kbar calculated, 90 kbar
measured) followed by a second maximum pressure that might indicate the re-
flected shock wave. As the measurement broke down about 10 us after the deto-
nation and the computation time was limited by the assumption of rigid boun-
daries, the actual duration of the second maximum pressure was uncertain.

For the analysis of the test slab, a pressure time history with two dif-
ferent descending branches I and II, as shown in Figure 3, was used. They re-
present two different confinement times for the reaction products. The peak
pressure of 208 kbar was calculated considering the actual quantity of the ex-
plosive in the shotholes.

ANALYSIS OF THE BLASTING PROCESS

With regard to the symmetry of the charge array in the slab, the 3D-model
for calculating dismantling effects can be reduced to an elementary cell model
as shown in Figure 1. The model consists of 390 six- and eight-node quadri-
lateral solid elements to represent concrete including the reinforcement and
the filling material.

METHOD OF ANALYSIS

The Lagrangian code NONDYN /4/ was used to calculate the local material
response. For the idealization of structures it employs a Popov-Galerkin
finite element formulation using four-, six- or eight-node quadrilateral solid
elements. A diagonal mass matrix is used. Structural and material damping is
neglected. An explicit central-difference time-integration algorithm is used.
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The code uses an artificial viscosity to smear shock fronts over several mesh
widths in the calculation.

Materials at an interface can be designated as slave and master and proce-
dures are built into programs to permit contact, separation and sliding
between master and slave surfaces. A special procedure was employed to take
into account the wave interference on the model boundaries caused by the
propagating detonation front from the neighboring shotholes.

RESULTS OF ANALYSIS

Due to the shock of 208 kbar (20.800 N/mmz), which exceeds the compressive
strength of concrete at high strain rates, by at least two orders of magnitude
the elements near the detonation front are crushed and the charged hole ex-
tends rapidly, see Figure 4. Vertical upward forces and subsequently shear
stresses are induced. With regard to the triaxial state of stress, the con-
crete is also subjected to considerable tensile forces.

On the boundaries of the model the waves propagating from the neighboring
detonation points cause interference effects. Thus the wave is reflected se-
veral times until its full attenuation is reached.

In Figure 5 the measured mean pressure in the concrete at about 10 hole ra-
dii and the computed stress intensity are compared. Both curves are in good
agreement. The separation contour obtained in the experiment and the calcu-
lated break contour are shown in Figure 6. Both shapes and the resulting
quantities of material removed conform to each other.

It should be noted that the calculated crack strains were considerably
lower when loading curve II was used. In this case the dismantling effects
were reduced to the local region of the explosive charge only. In a third cal-
culation loading curve I was used again but the compressive strength of the
concrete element adjacent to the explosive charge was increased by a factor of
10. Slight differences were revealed in strains. The predicted separation con-
tour had the same shape.

CONCLUSION

Computations of the shothole detonation for dismantling purposes employing
both experimental and theoretical input data were found suitable for tracing
the explosion process and its effects on reinforced-concrete structures. The
calculations were performed using standard software for high-velocity simu-
lations and the rather small number of experimental results available at the
moment. Increasing activities in the field of dismantling with explosives will
broaden the existing experimental database and the scope of the corresponding
analyses as well.
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Figure 1. Test Slab
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Figure 5. Comparison of Measured Mean Pressure and

Computed Stress Intensity
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Figure 6. Computed vs. Measured Break Contour
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